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Nara, Japan
Between December 1981 and June 1987, 71 patients under-
went aortic valve replacement with a Bicer monostrut
tilting disc prosthesis . Clinical results and in vivo function
of the artificial valve were assessed . The average age of the
71 patients at the time of operation was 51 .3 ± 11 .5 years .
The hospital mortality rate was .8% (two patients) and
there were no further deaths during a mean (± SD)
follow-up period of .4 ± 1 .6 years (range 1 month to 5 .5
years) after surgery . There was also no occurrence of
thromboembolism or valve dysfunction .
Function of the Bicer valve prosthesis was assessed in 17
patients : 5 with a 1 mm valve, 7 with a 3 mm valve and
5 with a 5 mm valve. Examination was performed on
average 10.3 ± 8.1 months after surgery . Valve function
was examined at rest and during exercise performed with a
The Bicer monostrut valve prosthesis (Bicer Medical Lim-
ited) is a tilting disc valve with central flow, it is manufac-
tured from a solid piece of a chromo-cobalt alloy without
soldering (Fig . 1) . Low valve resistance is one of its impor-
tant features (1-4) . In December 1981, we first performed
aortic valve replacement using this prosthesis in the aortic
position . In this report we present postoperative clinical
results together with data on in vivo function of the Bicer
valve prosthesis in the aortic position both at rest and during
exercise .
Methods
Study patients . The subjects of this study consisted of
71 patients ( 6 female and 45 male) with a Bicer valve
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bicycle ergometer . Pressure gradients at rest were low : 1
mm valve = 8 mm Hg, 3 mm valve = 3 mm Hg and 5 mm
valve = mm Hg; the gradients during exercise were 11, 8
and 8 mm Hg, respectively. The valves had the following
effective orifice area at rest : 1 mm valve = 1 .54 cm , 3
mm valve = 4 . 0 cm and 5 mm valve = 3 .76 cm ; during
exercise, the respective areas were 1 .57, 3.48 and 3 .01 cm .
These valves are deemed to be sufficiently wide for effective
valve function . Aortographic observation indicated mild
regurgitation that was within reasonable limits and posed
no problem . On the basis of these results, particularly in
light of its low resistance, the Bicer valve prosthesis is
considered an excellent prosthesis for use in the aortic
position .
(J Am Coll Cardiol 1989;14 :33 -7)
prosthesis implanted in the aortic position between Decem-
ber 1981 and June 1987 . The average age at the time of
operation was 51 .3 ± 11 .5 years . In Cases I to 19, the Bicer
valve prosthesis with an open angle of 80 ° was employed,
whereas an open angle of 75° was employed in the 5
remaining cases . Cumulative patient follow-up time avail-
able for analysis was 164 patient-years ; the mean follow-up
time for all patients was .4 ± 1 .6 years (range I month to 5 .5
years) (56 patients for I year, 44 for years and 30 for 3
years) .
Valve size ranged from 19 to 7 mm as follows : 19 mm (1
patient) ; 1 mm (15 patients) : 3 mm (30 patients) ; 5 mm ( 0
patients) and 7 mm (5 patients) . Twenty-five patients had
isolated aortic valve replacement and the others had one or
more concomitant surgical procedures : 19 had mitral valve
replacement, 14 had mitral commissurotomy, 4 had tricuspid
annuloplasty, I had mitral annuloplasty, 1 had Bentall's
operation, 6 had aortic annular enlargement and 3 had
aortocoronary artery bypass surgery . All patients were
maintained on anticoagulation therapy with sodium warfarin
(3 to 5 mg/day) together with dipyridamole (300 mg/day),
0735-1097189/$3 .50
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Figure 1 . The Bicer valve aortic valve prosthesis : outflow view (A)
and inflow view (B) .
maintaining the prothrombin time approximately 30% to 40%
of normal. Consent to examine in vivo valve function
postoperatively by repeat catheterization was obtained
from 17 patients : 5 with a 1 mm, 7 with a 3 mm and 5 with
a 5 mm valve . Five of these 17 patients had undergone
aortic valve replacement with a Bicer valve of an open
angle of 75°, 3 of these with a 1 mm, I with a 3 mm and I
with a 5 mm valve . The 17 patients included 6 men and 11
women with an average age of 50 ± 8 .5 years . Postoperative
assessment was made on average 10 .3 ± 8 .1 (SD) months
after surgery .
Postoperative study . Right and left heart catheterization
was performed with the patient supine to measure intracar-
diac pressure and cardiac output both at rest and during
exercise ; this was followed by left ventriculography and
aortography . Simultaneous pressures in the left ventricle
and aorta were measured by insertion of a handmade cath-
eter by transseptal technique (5) . Cardiac output was mea-
sured by the dye-dilution method . The mean pressure
gradient between the left ventricle and aorta was calculated
on the basis of measurement of simultaneous pressures
with the planimeter . Effective orifice area was obtained
with use of the Gorlin formula (6) . Volumetric analysis of
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the left ventricle was made with the area-length method
(7) . Aortography was performed by injecting 35 ml of Uro-
grafin-76 from just above the valve at the rate of 5 ml/s to
measure the grade of valvular regurgitation . Regurgitation
was evaluated according to the classification of Cohn et al .
(8) . Examinations were performed at rest preoperatively
and postoperatively, and at rest followed by exercise post-
operatively .
Statistics. A paired t test was used in matched results and
an unpaired t test in unmatched results . Results are ex-
pressed as mean values ± SD .
Results
Mortality and complications. The overall hospital mortal-
ity rate was .8% ( of 71 patients). The cause of death was
bleeding in one patient and postoperative low cardiac output
in the other patient . There were no late deaths. There was no
case of thromboembolism or valve thrombosis . Anticoagu-
lant-related hemorrhage occurred only in one patient (0 .61%
per patient-year) . The mean preoperative New York Heart
Association classification was improved from .8 to 1 .
postoperatively .
Valve function (Table 1) . The mean systolic pressure
gradient between the left ventricle and aorta for the 1 mm
Bicer valve prosthesis was 8 ± 3 mm Hg at rest and 11 ± 5
mm Hg at exercise; for the 1 mm valve with an open
angle of 75 ° the gradient was 7 ± 5 mm Hg at rest and
10 ± 7 mm Hg during exercise . For the 3 mm valve, the
gradient was 3 ± 3 mm Hg at rest and 8 ± 9 mm Hg at
exercise : for the 3 mm valve with an open angle of
75° the gradient mm Hg at rest and 4 mm Hg during
exercise . The gradient for the 5 mm valve was as low as
± mm Hg at rest and 8 ± 7 mm Hg during exercise ; for
the 5 mm valve with an open angle of 75 ° the gradient was
mm Hg at rest and 6 mm Hg during exercise . Although the
pressure gradient during exercise slightly increased, it was
generally low (Fig . ) .
Mean aortic valve flow for the 1 mm valve was 181 ± 38
ml/s at rest and 6 ± 6 ml/s during exercise . For the 3 mm
valve, aortic valve flow was 54 ± 73 and 91 ± 58 ml/s,
respectively, and for the 5 mm valve it was 38 ± 88 and
93 ± 74 ml/s, respectively . With all valve sizes, aortic valve
flow increased during exercise .
The effective orifice area for the 1 mm valve was 1 .54 ±
0 . 8 cm at rest and 1.57 ±- 0.15 cm during exercise ; per
body surface area the values were 1 .09 ± 0 . 0 and 1 .10 ±
0.06 cm /m , respectively . The effective orifice area for the
1 mm valve with an open angle of 75 ° was 1.64 ± 0 .3 cm
at rest and 1 .53 ± 0 .1 cm during exercise; per body surface
area the values were 1 .19 ± 0 . 1 at rest and 1 .11 ± 0.08
cm /m during exercise . For the 3 mm valve, effective
orifice area was 4 . 0 ± .3 cm at rest and 3 .48 ± .3
cm at exercise; per body surface area the respective
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Table 1. Postoperative Catheterization Data in 17 Patients Receiving a 1, 3 or 5 mm Bicer Valve Prosthesis
30
0-
10-
1 mm
F Ex
AVF = aortic valve flow ; BSA = body surface area ; EOA = effective orifice area ; Ex = during exercise ; HR = heart rate ; R = at rest ; SD = standard
deviation ; AP = mean systolic pressure gradient between the left ventricle and aorta .
values were .71 ± 1 .3 and . 6 ± 1 .49 cm
/M
. The
effective orifice area for the 3 mm valve with an open
angle of 75° was . 6 cm at rest and .08 cm during
exercise ; per body surface area the respective values were
1 .54 cm /m at rest and 1 .41 cm /m during exercise . For
the 5 mm valve, effective orifice area was 3 .76 ± 1 .47
cm at rest and 3 .01 ± 1 .3 cm during exercise ; per body
surface area the respective values were .43 ± 0.80 and
.0 ± 0.96 cm /m . The effective orifice area for the 5 mm
valve with an open angle of 75° was 4 .06 cm at rest and
3 .04 cm during exercise ; per body surface area the
respective values were .8 cm /m at rest and .11 cm /m
during exercise (Fig . 3). For valves of >_ 3 mm, the calcu-
lated valve area was sufficiently large .
Hemodynamics (Table ). Postoperative left ventricular
end-diastolic pressure and cardiac index at rest were nor-
mal regardless of valve size . Left ventricular end-diastolic
AP(LVsm-AOsm)
mmHg
3 mm
Ex
pressure and cardiac index increase with exercise . Left
ventricular volume as well as left ventricular mass with
the 3 or 5 mm valves decreased after the operation .
The postoperative ejection fraction was normal for all
valves regardless of size . The degree of regurgitation deter-
mined by aortography was slight (grade 1 or less in all
patients ; Fig . 4) .
Discussion
Comparison with other valve prostheses . There are sev-
eral in vitro studies of the Bicer valve prostheses, and
excellent in vitro function of this valve has been reported
(9,10) . In regard to in vivo function of the tilting disc valve,
Bjork et al . (3) reported the respective pressure gradient and
effective orifice area for the Bjork-Shiley valve at rest as
follows : 1 mm valve, 0 mm Hg and 1 .35 cm ; 3 mm valve,
AP
mmHg
5 mm
Ex
30
0
10
0
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Figure . Mean systolic pressure gra-
dient (AP) at rest (R) and during exer-
cise (Ex) .
Valve
Size
(mm)
AP (mm Hg) AVF (ml/s) EOA (cm'-) EOA/BSA (cm /m ) HR (beats/min)
R Ex R Ex R Ex R Ex R Ex
1 Mean 8 11 181 6 1 .54 1 .57 1 .09 1 .10 7 104
±SD
±3
±5 ±38 ±6 ± 0 . 8 ± 0 .15 ± 0 . 0 ± 0.06 ± 10 ± 30
p Value NS <0.05 NS NS <0.05
3 Mean 3 8
54 91 4 . 0 3 .48 .71 . 6 79 119
±SD ±3
±9
±73 ±58 ± .3 ± .3 ± 1 .3 ± 1 .49 ± I I ±11
p Value NS NS NS NS <0.01
5 Mean 8 38 93 3 .76 3 .01 .43 .00 73 98
±SD ± ±7 ±88 ±74 1 .47 ± 1 .3 ± 0 .80 ± 0 .96 ± 8 ± 13
p Value NS <0 .01 NS
NS
<0.01
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Figure 3. Effective orifice area (EOA) at rest
(R) and during exercise (Ex) .
EOA
cmz
8-
7-
6-
5-
4-
3-
-
0
R
1 mm Hg and 1 .70 cmZ ; 5 mm valve, :!s; 1 0 mm Hg and ?
cm
.
Compared with the Bicer valve, the 1 mm and 3 mm
Bjork-Shiley valves showed a larger pressure gradient and a
smaller effective orifice area, both at rest and during exer-
cise. However, for the 5 mm size, both valves produced the
same values .
Wortham et al . (4) reported on the St . Jude Medical
valve, which is used in patients with a narrow aortic root ; the
pressure gradient at rest with a 1 mm valve was 11 mm Hg
compared with 8 ± 3 mm Hg in the Bicer valve of a similar
size . The effective orifice area of 1 .4 cm for the St. Jude
Medical valve was less than that of the Bicer valve . For six
patients with a 19 mm St . Jude Medical valve, the pressure
gradient was mm Hg at rest and 38 mm Hg at exercise,
whereas the effective orifice area was 1 . cm Z at rest and 1 .1
cm at exercise . Compared with the 1 mm Bicer valve, the
Figure 4 . Aortograms in a patient after aortic valve
replacement with a Bicer valve prosthesis . Mild pros-
thetic valve regurgitation is shown. LAO = left anterior
oblique position : RAO = right anterior oblique position .
1 mm
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pressure gradient was larger and the effective orifice area
was smaller .
Winter et al. (11) studied the Starr-Edwards ball valve .
Their model 8A with an outer diameter of 1 mm had a
pressure gradient of 18 mm Hg and an effective orifice area
of 1 .16 cmZ at rest. For model 9A with an outer diameter of
3 mm, the gradient was 5 mm Hg and the area 1 .30 cm Z .
Compared with the Bicer valve prosthesis, the Starr-
Edwards valve showed a larger pressure gradient and
smaller effective orifice area . From these results it is consid-
ered that the function of the Bicer valve prosthesis in the
aortic position is superior to that of the other valve prosthe-
ses currently in use .
Prosthesis problems . The larger open angle of the Bicer
valve with the concomitant fear of increased aortic regur-
gitation may be a matter of concern . In the present in
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Figure 5
. Actuarial survival rate in 71 patients receiving a Bicer
valve aortic valve replacement . Operative deaths are included . The
vertical lines encompass the standard error of the mean . The
numbers in parentheses indicate the number of patients at each
follow-up .
vivo study, regurgitation was found to be slight and posed
little problem judging from the aortograms obtained . Of
greater significance is the real possibility of a stuck valve
when the open angle of the disc becomes larger (1 ) . We
experienced such a case of a stuck valve during the course of
an operation when a prosthesis with an 80° opening angle
was used . Fortunately, the condition was rectified by rotat-
ing the valve 180° . After the open angle of the disc was
reduced from 80° to 75°, no case of a stuck valve has
occurred .
Follow-up results
. The 5 year survival rate of patients
with other kinds of artificial valves is 80% to 90% (13-15) .
In our study, no death has been reported in the long-
term follow-up; our 5
.5 year survival rate including hospital
death is 97 . % (Fig. 5) . Thromboembolic episodes have not
been encountered and mechanical failure of the prosthesis
has not been experienced . Although the observation period
is still limited, the Bicer valve prosthesis appears to be an
excellent prosthesis for valve replacement in the aortic
position .
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